We studied the expression of the CD95 receptor (APO-1/Fas) on peripheral blood T cell subpopulations in 37 HIV-1-infected children and adolescents stratified according to disease stage or antiretroviral treatment regimen and compared the results to values obtained in 12 healthy age-matched control subjects. CD95 expression on CD45RA Increased activation-induced cell death caused by apoptosis of T cells has been observed in individuals infected with HIV type-1 and is thought to contribute to the gradual loss of CD4 ϩ T helper cells during progression toward AIDS (1). The CD95/ APO-1/Fas receptor (R)/ligand (L) system is critically involved in induction of apoptosis in mature T cells (2-5). Dysregulation of this system contributes at least in part to increased activation-induced cell death of T cells from HIV-1-infected children (6, 7) and adults (8 -12). A strong increase in CD95 expression has been demonstrated on freshly isolated T cells from HIV-1-infected individuals (13). The percentage of CD95 ϩ T cells increases further with disease progression as reflected by decreasing peripheral blood CD4 ϩ T helper cell counts (7) (8) (9) (10) (11) 14) .
We studied the expression of the CD95 receptor (APO-1/Fas) on peripheral blood T cell subpopulations in 37 HIV-1-infected children and adolescents stratified according to disease stage or antiretroviral treatment regimen and compared the results to values obtained in 12 healthy age-matched control subjects. CD95 expression on CD45RA ϩ CD45RO Ϫ /CD62L ϩ (resting/ naive) and CD45RO ϩ CD45RA Ϫ (primed/memory) CD4 ϩ and CD8 ϩ T cells was assessed quantitatively by four-color and three-color flow cytometry. CD4
ϩ T cells contained a population of predominantly CD95
Ϫ resting/naive cells and a population of CD95 high primed/memory cells, whereas CD8 ϩ T cells had a more uniform pattern of CD95 expression. The percentage of CD95 ϩ CD4 ϩ T cells increased with disease progression because of both an augmented median fluorescence intensity on resting/naïve cells and an increased percentage of CD95 high cells. Patients with highly active antiretroviral combination therapy who maintained stable CD4 counts in the presence of elevated plasma viral load had nearly normal numbers of CD95 Ϫ resting/ naive CD4 ϩ T cells, whereas CD95 expression in the CD8 ϩ T cell subset was still elevated compared with control subjects. Low CD95 expression on resting/naive CD4 ϩ T cells may therefore indicate a low risk for disease progression in antiretrovirally treated and untreated patients. Increased activation-induced cell death caused by apoptosis of T cells has been observed in individuals infected with HIV type-1 and is thought to contribute to the gradual loss of CD4 ϩ T helper cells during progression toward AIDS (1) . The CD95/ APO-1/Fas receptor (R)/ligand (L) system is critically involved in induction of apoptosis in mature T cells (2) (3) (4) (5) . Dysregulation of this system contributes at least in part to increased activation-induced cell death of T cells from HIV-1-infected children (6, 7) and adults (8 -12) . A strong increase in CD95 expression has been demonstrated on freshly isolated T cells from HIV-1-infected individuals (13) . The percentage of CD95 ϩ T cells increases further with disease progression as reflected by decreasing peripheral blood CD4 ϩ T helper cell counts (7) (8) (9) (10) (11) 14) .
It has been shown that the accelerated loss of peripheral blood CD4 ϩ T cells in advanced stages of pediatric HIV-1 infection is preceded by a decrease in T cells expressing only the long isoform of the membrane-bound hematopoietic cellspecific phosphatase CD45 (CD45RA ϩ T cells) (15, 16) . These cells represent a population of resting (i.e. not previously activated), antigen-naive recent thymic emigrants that allow the immune system to react appropriately to newly encountered nonself antigens (17) . Once activated, these cells downregulate CD45RA and up-regulate the short isoform CD45RO by differential splicing at the mRNA level (17) . CD45RO ϩ
CD45RA
Ϫ T cells represent a population of previously activated, antigen-primed memory cells that rapidly respond upon restimulation with previously encountered antigens.
In a study of isolated CD4 ϩ and CD8 ϩ T cells from asymptomatic HIV-1-infected children, we had identified CD45RO peripheral blood T cells increased with decreasing proportions of circulating resting/naive T cells (18) . However, in a crosssectional study of HIV-1-infected children in different stages of the disease, we detected CD95 ϩ CD45RA ϩ cells in both CD4 ϩ and CD8 ϩ T cell subsets in a substantial number of patients (6) . Thus, the increase in CD95 ϩ T cells with progressive disease (7, 14) may be caused by 1) a relative increase in CD95 high CD45RO ϩ (primed/memory) T cells, reflecting the loss of CD95
Ϫ , resting/naive T cells, or 2) an absolute increase in CD95 receptor density on all peripheral blood T cells.
To clarify this controversy, we measured CD95 expression on T cell subpopulations in 12 HIV-1-infected children, two healthy control subjects, and one child with acute EBV infection with a newly available test system for quantitative assessment of antigen expression using four-color flow cytometry. The results of these experiments enabled us to develop a simple flow cytometric method for measurement of differential CD95 expression on CD4 ϩ T cell subpopulations. A subsequent cross-sectional study in a cohort of 27 HIV-1-infected patients showed that the increase in CD4 ϩ CD95 ϩ T cells with progressive disease was caused by both an augmented CD95 expression on resting/naive cells and an increase in the percentage of CD95 high primed/memory T cells, predominantly in late-stage disease. Most importantly, a nearly normal proportion of CD95
Ϫ resting/naive CD4 ϩ T cells was seen in patients receiving HAART, including HIV-protease inhibitors, for Ն6 mo even in the presence of elevated HIV-1 plasma viral load levels.
METHODS

Patient and control blood donors.
Between January 1996 and December 1999 a total of 37 HIV-1-infected children and adolescents were studied. Twenty-nine patients had acquired HIV-1 by vertical transmission, four via contaminated blood products, and in four patients the mode of infection was unknown. Patients were seen at least at 3-mo intervals at the University Children's Hospitals in Heidelberg, Ulm, Munich, and Frankfurt, Germany. The study was conducted according to the Declaration of Helsinki and approved by the ethical committee of the University Hospital in Heidelberg. CD4 ϩ T cell counts were determined according to published guidelines (19) and used for immunologic classification according to standardized criteria (20) . To avoid the unpredictable effects of immune stimulation on these factors, we excluded from the analysis patients with concomitant opportunistic or other infectious diseases at the time of the immunologic investigation.
Measurement of CD95-expression on T cell subpopulations by four-color flow cytometry was performed in 12 randomly selected HIV-1-infected children aged 1 to 14 y, two healthy adult control subjects, and one 3-y-old boy with short-term EBV-infection. Seven of these HIV-1-infected patients received antiretroviral therapy with combinations of two nucleosidic HIV-1 RTI (zidovudine, lamivudine, didanosine or stavudine), three patients received an additional HIV-1 protease inhibitor (indinavir or ritonavir), and two patients had no specific treatment. Immunologically, patients were classified as follows: eight patients in class 1, three in class 2, and one in class 3. Clinical disease stages were four patients in stage A, five in stage B, and three in stage C.
CD95 expression on T cell subpopulations during disease progression was analyzed by stratification of the patients according to the actual disease stage at the time of the study. Patients receiving antiretroviral therapy were only included if they did not take HIV-1 protease inhibitors and treatment had not been changed during the preceding 6 mo. Clinical data of 27 patients eligible for this part of the study are shown in Table  1 . In an additional cross-sectional analysis, we stratified all 37 patients according to their treatment regimen at the time of the (Table 2 ): no treatment (group A); Ͼ6 mo of combination therapy with two HIV-1 RTI (group B); or Ͼ6 mo of two RTI plus at least one HIV-1 protease inhibitor, i.e. HAART (group C). Four patients were studied repeatedly before and after changes in their therapeutic regimen and were included in either patient group. All three patient groups were comparable with regard to CD4 counts and HIV-1 plasma viral load levels at the time of the immunologic study, and the proportion of patients with detectable plasma viral load was not significantly different between the two treatment groups.
However, mean patient age in group C was slightly higher than in the other groups, and eight of 15 patients receiving HAART had recovered from severe immune deficiency (immunologic class 3) during therapy. Only three of 16 patients without treatment (group A) and three of 13 patients with RTI alone (group B) had ever reached such an advanced disease stage. Thus, the lack of major differences in CD4 counts among these groups at the time of the immunologic study as well as the absence of HIV-1-related symptoms indicated a significant treatment-induced restoration of T cell functions in patients receiving HAART at least during the observation period of approximately 12 mo.
Control blood samples were obtained from two healthy male adults as well as from 12 age-matched healthy children and adolescents who were followed in our outpatient clinic and who were repeatedly shown to be HIV-1-negative by Western blot, HIV-p24 antigen assay and viral culture, or HIV-1-specific PCR. Children attended the clinic either because they were born to HIV-1-infected mothers (n ϭ 4) or for follow-up of nonmalignant tumors that had been surgically removed and required no radiation or chemotherapy (n ϭ 8). An additional control blood sample was obtained from an HIV-1-negative boy with short-term EBV infection. Patients and control subjects or their relatives gave informed consent before venipuncture.
Immunophenotyping of peripheral blood T cells. Heparinized peripheral venous blood was obtained during routine blood sampling from all patients. Circulating peripheral blood T cell subpopulations were identified by flow cytometry on a FACScan (Becton Dickinson, Heidelberg, Germany) using combinations of MAb labeled with fluorescein-isothiocyanate (FITC), phycoerythrin (PE) or peridin-chlorophyll (PerCP) in a standardized whole blood lysis assay as recommended by the manufacturer (FACSLyse, Becton Dickinson): CD45RA-FITC, CD45RO-PE (Coulter-Immunotech, Krefeld, Germany), CD62L-PE (Pharmingen, Hamburg, Germany), CD4-PerCP, CD8-PerCP, and CD95-PE (Becton Dickinson). Analysis of CD95 expression as well as the relative distribution of resting/ naive (CD45RA
) and primed/memory (CD45RO ϩ CD45RA Ϫ ) T cell subpopulations was performed on 10,000 CD4 ϩ or CD8 ϩ lymphocytes using the CellQuest software (Becton Dickinson).
The percentage of circulating CD95 ϩ and CD95 high T cells as well as that of resting/naive and primed/memory T cells was calculated as described (7, 18, 21) .
Quantitation of CD95 expression on T cell subpopulations. We performed quantitative assessment of surface expression of the CD95 receptor on resting/naive and primed/memory peripheral blood T cell subpopulations in 12 HIV-1-infected patients, two healthy adults, and one patient with short-term EBV infection by four-color flow cytometry using the Quan- Number of patients receiving specific drug combinations
tum Simply Cellular microbead kit (QSC, Sigma Chemical Co., Deisenhofen, Germany) (22) . In this assay, the lymphocyte subsets were identified by conventional three-color flow cytometry as described above. CD95 expression on the respective subset was measured after electronic gating with the use of an allophycocyanine (APC)-labeled monoclonal anti-CD95 antibody (a generous gift from Becton Dickinson) on a FACSCalibur flow cytometer (Becton Dickinson). The Quantum Simply Cellular kit provides a mixture of microbeads with defined numbers of binding sites for fluorochrome-labeled Mab, which were stained with CD95-APC together with every patient sample. Following the instructions of the manufacturer, a calibration plot was created, which was subsequently used to convert the immunofluorescence intensity (peak channel) of a given cell population in the patient sample into a mean antibody-binding capacity of a single cell in that population.
Measurement of CD95 expression on resting/naive CD4
؉ T cells. Four-color immunophenotyping and flow cytometry of peripheral blood T cells revealed a striking difference in the CD95 expression pattern between CD4 ϩ and CD8 ϩ T cells (Fig. 1) . The CD95 expression histogram of CD4 ϩ T cells (Fig.  1A) showed a bimodal expression curve caused by the presence of two clearly distinguishable subpopulations, whereas CD8 ϩ T cells showed a more uniform CD95 expression pattern that did not allow the separation of different subpopulations (Fig.  1B) . As shown in Figure 1A, ϩ T cells by three-color flow cytometry together with the percentage of circulating CD95 ϩ and CD95 high T cells as described above. Plasma levels of interferon-␥. For the measurement of circulating interferon-␥ in HIV-1-infected individuals, plasma was immediately separated from freshly drawn venous blood anticoagulated with sodium heparin by centrifugation (1200 ϫ g, 10 min) and stored at Ϫ80°C. Interferon-␥ was measured in thawed plasma specimens using a sensitive sandwich ELISA following the instructions of the manufacturer (CLS, Amsterdam, The Netherlands).
Determination of HIV-1 plasma viremia. For the measurement of HIV-1 viremia (viral load), plasma was immediately separated from freshly drawn venous blood anticoagulated with EDTA by centrifugation (1200 ϫ g, 10 min) and stored in aliquots of 1 mL at Ϫ80°C. For analysis, the thawed aliquots were centrifuged at 16,000 ϫ g at 4°C for 1 h. Thereafter, the pellet was treated with guanidine thiocyanate, and RNA was extracted with phenol/chloroform. HIV-1 plasma viral load was quantified using either a sensitive second-generation b-DNA assay (Quantiplex HIV RNA 2.0 Assay, Chiron Diagnostics, Ferning, Germany) or a reverse transcription PCR (Amplicor Monitor, Roche Diagnostics, Grenzach-Wyhlen, Germany) as recommended by the manufacturers (23). The lower limit of detection was 500 RNA copies per milliliter in the b-DNA assay and 80 copies per milliliter by reverse transcription PCR.
Statistical analysis. Data are given as arithmetic mean and SEM or median and range unless otherwise stated. Correlation analysis was performed by calculating both parametric and nonparametric correlation coefficients (Pearson's r and Spearman's , respectively). Differences between groups of patients in different stages of the disease or with different therapeutic regimens and healthy control subjects were tested by ANOVA. Otherwise, testing for statistical significance was done using Wilcoxon's rank sum test or signed rank test (for paired data), as appropriate. A p Ͻ 0.05 was assumed to indicate statistical significance. All calculations were performed on a microcomputer using the InStat statistical software package (GraphPad Software Inc., San Diego, CA, U.S.A.).
RESULTS
Differences in CD95 expression patterns among CD4
؉ and CD8 ؉ T cells. Assessment of CD95 receptor density by calculating the antibody-binding capacity of different T cell subpopulations using the Quantum Simply Cellular kit allowed us to quantify differences in CD95 expression on peripheral blood T cell subpopulations in 12 randomly selected HIV-1-infected children and adolescents, two healthy adult control subjects and a child with short-term EBV infection (Fig. 2) . In all patients and control subjects, we found a significantly higher CD95 expression in primed/memory T cells (Fig. 2B ) compared with their resting/naive counterparts ( Fig. 2A) 
To analyze the effect of viral replication on CD95 expression in T cell subpopulations, we further stratified 12 HIV-1-infected patients into six patients with undetectable HIV-1 RNA (Ͻ500 copies/mL in the b-DNA assay) and six patients with detectable HIV-1 RNA in plasma (median, 4.6 log 10 copies/mL; range, 3.7-4.8). As shown in Figure 2A , patients with detectable plasma viral load tended to have a higher CD95 expression level on resting/naive T cells than patients with undetectable plasma viral load. However, differences between these two groups were not statistically significant, and no major effect of plasma viral load on CD95 expression was detected in the primed/memory subpopulations (Fig. 2B) . The apparent effect of active viral replication on CD95 expression on resting/naive T cells seems not to be specific for HIV-1 because it was also seen in a child with short-term EBV infection. Ϫ (primed/memory) CD4 ϩ T cells was higher than that of the respective CD8 ϩ T cell subpopulation and was apparently not influenced by the HIV-1 plasma viral load level. CD45RA ϩ CD45RO Ϫ CD4 ϩ and CD45RA ϩ CD62L ϩ CD8 ϩ (resting/naive) T cells had a lower CD95 receptor density than the corresponding primed/memory subset. CD95 expression on resting/naive T cells tended to increase in patients with detectable HIV-1 plasma viral load; however, the difference between both groups of patients was statistically not significant (p Ͼ 0.05). A pronounced increase in CD95 expression on peripheral blood T cell subpopulations was also seen in shortterm EBV infection.
CD95-EXPRESSION IN HIV-INFECTED CHILDREN
Increase in CD95 ؉ T cells because of elevated CD95 expression on resting/naive T cells and an increased proportion of CD95 high T cells. When comparing CD95 expression patterns in CD8
ϩ T cells from 27 HIV-1-infected children and adolescents (stratified into immunologic classes 1-3) and 12 healthy age-matched control subjects (Fig. 3) , we observed that differences in the percentage of CD95 ϩ cells (71 Ϯ 4% versus 47 Ϯ 4%; mean Ϯ SEM), CD95 high cells (15 Ϯ 2% versus 4 Ϯ 1%), and the CD95 median fluorescence intensity (20 Ϯ 3 versus 9 Ϯ 1) were statistically significant already during early stages of the disease (immunologic class 1; p Ͻ 0.05 when compared with healthy control subjects, ANOVA). In contrast, the increase in CD95 expression on CD4 ϩ T cells was most pronounced in advanced disease stages (immunologic class 3): the elevated percentage of CD95 ϩ CD4 ϩ T cells from these patients compared with healthy control subjects (93 Ϯ 5% versus 48 Ϯ 5%; p Ͻ 0.05) was accompanied by both an increase in the percentage of CD95 high CD4 ϩ T cells (59 Ϯ 7% versus 15 Ϯ 4%; p Ͻ 0.05) and an increase in CD95 receptor density on resting/naive CD4 ϩ T cells (37 Ϯ 10 versus 7 Ϯ 1; p Ͻ 0.05).
Increased CD95 expression reflects loss of resting/naive T cells. As shown in Figure 4A , HIV-1-infected children and adolescents showed a decreased percentage of resting/naive CD8 ϩ T cells already in immunologic class 2 (23 Ϯ 2% versus 62 Ϯ 4%; p Ͻ 0.05 when compared with healthy age-matched control subjects, ANOVA), whereas primed/memory CD8 ϩ T cells were increased (35 Ϯ 5% versus 9 Ϯ 2%, p Ͻ 0.05; Fig.  4B) . A significant loss of resting/naive CD4 ϩ T cells was observed only in patients in immunologic class 3 (25 Ϯ 7% versus 60 Ϯ 4%; p Ͻ 0.05 compared with healthy age-matched control subjects, ANOVA; Fig. 4A ). This loss was accompanied by a relative increase in primed/memory CD4 ϩ T cells (68 Ϯ 7% versus 24 Ϯ 3%, p Ͻ 0.05; Fig. 4B ). The percentage of resting/naive CD4 ϩ T cells in healthy control subjects decreased significantly with increasing age (r ϭ Ϫ0.66; p Ͻ 0.05), thus potentially confounding this analysis. However, the change in the distribution of resting/naive and primed/memory T cell subpopulations induced by advanced HIV-1 infection seems to be more pronounced than an effect of aging on the percentage of resting/naive CD4 ϩ T cells alone. In the CD4 ϩ T cell subpopulation, the percentage of CD95 high cells was highly correlated with the percentage of 
CD45RO
ϩ CD45RA Ϫ primed/memory cells (r ϭ 0.88; p Ͻ 0.001). However, the slightly higher percentage of CD95 ϩ
CD4
ϩ T cells in class 1 patients compared with healthy control subjects (mean difference, 19%; 95% confidence interval, 2 to 36%) was mainly caused by an increased CD95 expression on peak 1 resting/naive CD4 ϩ cells (mean difference, 4.0; 95% confidence interval, 0.8 to 7.2). Neither the percentage of CD95 high CD4 ϩ T cells nor the proportion of primed/memory and resting/naive CD4 ϩ T cells of patients in immunologic class 1 was significantly different from healthy control subjects. Thus, two mechanisms contribute to the rise in CD95 ϩ T cells during HIV disease: 1) a significant increase in the percentage of primed/ memory and CD95 high T cells with disease progression, occurring early in the CD8 ϩ T cell compartment and late in CD4 ϩ T cells; and 2) a simultaneous increase in CD95 receptor density on resting/naive T cells, which is already apparent during early stages of the disease (immunologic class 1), at least in CD8
ϩ and, to a lesser extent, also in CD4 ϩ T cells. Effect of circulating interferon-␥ and HIV-1 plasma viral load on CD95 expression. In CD4 ϩ T cells of HIV-1-infected individuals, the up-regulation of CD95 expression may be caused by an indirect mechanism involving cross-linking of the CD4 receptor by the HIV-1 envelope glycoprotein gp120 (24) . Isolated CD4 ϩ T cells treated in vitro with recombinant gp120 and anti-gp120 antibodies showed an up-regulation of CD95, which was shown to depend on secretion of interferon-␥. We therefore determined plasma levels of circulating interferon-␥ in 14 patients by means of a sensitive ELISA. Statistical analysis of these data showed that neither the median fluorescence intensity of peak 1 resting/naive CD4 ϩ T cells nor the percentage of CD4 ϩ CD95 ϩ or CD4 ϩ CD95 high T cells correlated with plasma levels of interferon-␥ (Fig. 5) . In the CD8 ϩ T cell compartment, changes in CD95 expression and distribution of resting/naive and primed/memory subsets may be caused by ongoing antigen-specific T cell activation in vivo, which leads to an accelerated naive-to-memory shift, especially of HIV-1-specific cytotoxic T cells. However, CD95 expression on peripheral blood T cells from HIV-1-infected children and adolescents was not correlated with HIV-1 plasma viral load levels (Fig. 6) . CD95 low resting/naive CD4 ؉ T cells and antiretroviral treatment. Determination of the percentage of unprimed, antigen-naive T cells (i.e. recent thymic emigrants) and CD95 expression on circulating T cell subpopulations may be used clinically for monitoring of immunologic changes during antiretroviral therapy (25) . We therefore analyzed these variables in HIV-1-infected children and adolescents without therapy or with different antiretroviral treatment regimens and compared these values with data obtained from 12 healthy control subjects (Fig. 7) . HIV-1-infected individuals showed signs of cellular activation (increase in CD95 expression and decrease in resting/naive cells) in the CD8 ϩ T cell compartment (p Ͻ 0.001 compared with control subjects, ANOVA) irrespective of the therapeutic regimen. The mean percentages of resting/ naive CD4 ϩ T cells in the patient groups were not significantly different from the value in the control group (p ϭ NS).
In the group without treatment (group A) nine of 16 patients had an increased percentage of CD95 ϩ CD4 ϩ T cells and an increase in median CD95 fluorescence intensity of resting/ naive CD4 ϩ T cells (Fig. 7, A and C) . These patients were symptomatic at presentation and had already developed laboratory signs of progressive disease. The other patients in group A were clinical and immunologic nonprogressors requiring no antiretroviral therapy (26) . These patients had a normal CD95 expression pattern of CD4 ϩ but not of CD8 ϩ T cells. Most importantly, however, 12 of 15 patients treated with HIV-1 protease inhibitors (group C) had a normal number of CD4 ϩ
CD95
ϩ T cells as well as a normal proportion of resting/naive CD4 ϩ T cells displaying low CD95 expression (median CD95 fluorescence intensity of peak 1 cells Ͻ12) despite high HIV-1 plasma viral load levels.
DISCUSSION
In HIV-1-infected individuals, the gradual loss of CD4 ϩ and CD8 ϩ T cells during progression toward AIDS may in part be caused by the profound dysregulation of the CD95/APO-1/Fas system, which is involved in apoptosis of mature T cells (2) (3) (4) (5) , hematopoietic stem cells (27) , and thymocytes (28) . In the study presented here we show that the increase in the percentage of CD95 ϩ T cells with disease progression in HIV-1-infected children and adolescents is related to both an augmented CD95 expression on resting/naive T cells and an increase in the percentage of CD95 high primed/memory T cells. In advanced disease stages (immunologic class 3), nearly 100% of the circulating peripheral blood T cells ultimately express the CD95 receptor; this is a consequence of a diminished proportion of CD95 Ϫ resting/naive T cells and a concomitant increase in CD95 high primed/memory T cells. Most patients in this stage of the disease who had been treated with HIV-1 protease inhibitors (HAART) for Ͼ6 mo had normal proportions of circulating CD95
Ϫ resting/naive CD4 ϩ T cells despite the persistence of signs of CD8 ϩ T cell activation and high HIV-1 plasma viral load levels.
CD95 expression patterns clearly differ between CD4 ϩ and CD8 ϩ T cells: although a single, broad peak in CD95 fluorescence intensity is seen in CD8 ϩ T cells, analysis of CD4 ϩ peripheral blood T cells reveals the presence of two different populations: 1) CD95 low or CD95 Ϫ cells (peak 1) corresponding to resting/naive cells; and 2) CD95 high primed/memory cells. The dynamic process of antigen-induced CD4 ϩ T cell maturation from recent thymic emigrants to antigen-primed effector and memory T cells (naive-to-memory shift) is accompanied by surface expression of specific T cell differentiation markers, and CD4 ϩ T cells may only be regarded as functionally resting and antigen-naive as long as they are CD45RA ϩ and do not express either CD45RO or CD95 (29, 30) .
At least three potential mechanisms may lead to the increased CD95 expression on T cells of HIV-1-infected individuals. First, there is evidence that viral infection of T cells in vitro up-regulates the CD95 receptor on the infected cell (31) . Direct infection of target cells, however, is an unlikely cause of increased CD95 expression on peripheral blood T cells in HIV-1-infected patients, as HIV-1 RNA or DNA is detected only in a minority of circulating T cells (32) . Second, antigenspecific activation has been shown to induce up-regulation of the CD95 receptor on T cells, e.g. during short-term infection with EBV [ Fig. 2 , see also Uehara et al. (33) ]. Because HIV-1-infected individuals harbor a large percentage of circulating HIV-1-specific CD8 ϩ cytotoxic T cells (34) , CD95 expression on these cells may be a marker of antigen-specific cellular activation. A high percentage of CD95 ϩ CD8 ϩ T cells in such a patient may not necessarily implicate a disturbed function of these cells in vivo.
The frequency of circulating HIV-1-specific CD4 ϩ T helper cells in HIV-1-infected individuals seems to be much lower than that of CD8 ϩ cytotoxic T cells (35) , and antigen-specific T cell activation does not completely explain the expression 
pattern of the CD95 receptor in the CD4
ϩ T cell subset in these patients. Therefore, a third, indirect mechanism of aberrant cellular activation involving cross-linking of CD4 receptors by soluble HIV-1 envelope proteins (gp120) and autologous antigp120 antibodies has been invoked in HIV-1-induced upregulation of CD95 expression. Binding of soluble HIV gp120 protein to the CD4 receptor and subsequent cross-linking by antibodies directed against gp120 has been shown to cause multiple immunologic changes (36, 37) , including an increase in autocrine or paracrine secretion of interferon-␥, which may increase CD95 expression specifically on CD4 ϩ T helper cells (24) . The lack of correlation between circulating levels of interferon-␥ and CD95 expression on CD4 ϩ T cells observed in our study does not contradict this hypothesis. Increased CD95 expression on resting/naive CD4 ϩ T cells (recent thymic emigrants) may occur if cellular activation takes place intrathymically or immediately before the cells leave the thymus. Thus, gp120-induced interferon-␥ secretion may induce CD95 expression already on T cells in the thymic medulla, and systemic levels of interferon-␥ may not reflect this localized activity.
It is not known whether regulation of CD95 expression at the molecular level is different in CD4 ϩ and CD8 ϩ T cells. In HIV-1-infected children and adolescents, both the decrease in resting/naive CD8 ϩ T cells and the increase in CD95 expression on these cells (compared with healthy control subjects) appears earlier during disease progression than the respective changes in the CD4 ϩ T cell compartment. This may be a consequence of the early expansion of large numbers of activated, antigen-specific CD8 ϩ cytotoxic T cells during an immune response against HIV-1 (34). Wills and coworkers (38) have recently shown that human virus-specific CD8 ϩ cytotoxic T cells expressing high levels of CD45RA may be memory T cells that reverted from a CD45RO ϩ phenotype. Resting/naive CD8 ϩ T cells are thought to retain the expression of the lymphocyte homing receptor L-selectin (CD62L), and loss of CD62L expression indicates recent cellular activation (15, 16, 18) . CD95 expression on CD45RA ϩ CD62L Ϫ CD8 ϩ T cells is slightly higher than on CD45RA ϩ CD62L ϩ CD8 ϩ T cells. However, it has not been formally proven that expression of CD62L and CD95 differs between CD45RA ϩ resting/naive and CD45RA ϩ primed/memory CD8 ϩ cytotoxic T cells in vivo.
T cell activation in vitro leads to coexpression of both CD45RA and CD45RO (transitional phenotype). These cells always express the CD95 receptor, albeit at a somewhat lower level than cells with a mature primed/memory phenotype. Thus, if naive CD4 ϩ T cells are identified by the expression of CD45RA alone, recently activated cells coexpressing CD45RA, CD45RO, and CD95 are falsely classified as being naive. As quantification of circulating naive T cells (extended T cell phenotyping) becomes increasingly available as a clinical routine procedure in the care of pediatric HIV-1 infection, we suggest including assessment of CD95 expression into these assays. Combining extended T cell phenotyping with a direct measurement of thymic output [e.g. quantification of T cell receptor excision circles in peripheral blood T cells; see Douek et al. ( 39) ] would allow testing of the hypothesis that resting/naive CD4 ϩ T cells with low CD95expression are true recent thymic emigrants. It could then be studied whether the ability of HIV-1-infected children and adolescents to maintain nearly normal numbers of these cells really indicates a low risk for disease progression.
Although CD95 expression is an absolute prerequisite for sensitivity toward CD95-mediated cell death in human lymphocytes (40, 41) , up-regulation of the CD95 receptor and sensitivity toward CD95-induced proapoptotic signals are clearly distinct events at the molecular level (42, 43) . This is demonstrated by the fact that freshly isolated CD45RO ϩ primed/memory T cells of healthy donors are completely resistant toward anti-CD95-induced apoptosis despite the elevated expression of CD95 (42, 44) . Thus, our observation of an increased CD95 expression on resting/naive T cells does not per se imply a direct relationship between accelerated programmed cell death induced via the CD95 receptor and the disappearance of resting/naive T cells during disease progression. Indeed, in asymptomatic HIV-1-infected children, we found a complete resistance of these cells toward anti-CD95 treatment in vitro (18) .
In summary, our data suggest that the presence of a high percentage of circulating resting/naive CD4 ϩ T cells with low CD95 expression is associated with slow or absent disease progression in antiretrovirally treated and untreated HIV-1-infected children and adolescents. These cells probably represent antigen-naive recent thymic emigrants that are able to react specifically to newly presented nonself antigens. The quantification of this CD4 ϩ T cell subpopulation by a simple flow cytometric assay might be used for clinical decision making, e.g. when to change antiretroviral drugs in a patient treated with a protease inhibitor exhibiting a rising HIV-1 plasma viral load. This patient may have developed viral rebound caused by resistance against antiretroviral drugs. Under these circumstances, HIV-1 plasma viral load may not be a reliable indicator of disease progression (45) . To clarify whether therapeutic decision making in such patients could be guided by the measurement of CD95 expression on resting/ naive CD4 ϩ T cells, the predictive value of extended T cell phenotyping for the risk of disease progression toward AIDS should be assessed prospectively in a larger cohort of HIVinfected children.
